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Synopsis
After the Hyogo-ken Nambu Earthquake, a seismic isolation of structure becomes very popular
and is able to mitigating earthquake load, which is delivered directly to substructures without some
isolation device. However, isolation devices tend to allow the horizontal move of superstructures. De-
velopment of a rational seismic isolation device, therefore, is required to protect expansion joints even
against a small earthquake and to isolate the superstructure reliably. The rational isolation device
should be designed to support frrmly the superstructure against a small earthquake, which occurs
sometimes during the bridge design life, and to avoid a strong earthquake, which rarely occurs. Pro-
posed in this paper is a slit type side block that can control the breaking load. The function of the pro-
posed slit type side block is experimentally confrrmed by using full-scale specimens and downscaled
ones. The design formulae for the slit type side block are also proposed.
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1. INTRODUCTION
After the Hyogo-ken Nambu Earthquake, seismic design specifications were revised and require the higher de-
gree of earthquake performance than previous ones in Japan [1]. It is effective to reduce earthquake load, which is
delivered to a substructure from the superstructure by the isolation devices between the superstructure and the
substructure especially for bridges with long span or on the soft ground. On the other hand, it has been indicated
that the isolated superstructure displaces easily by normal loads such as live, wind and temperature loads. As the
expansion joints, which can absorb the large longitudinal displacement of the superstructure, are not only expen-
sive but also apt to be damaged easily by the small earthquake, which sometimes oc~urs during the bridge design
life, and the normal loads, it is also important to protect the function of the expansion joint when the isolation de-
vice of the superstructure are not required [2, 3].
A rational seismic isolation device is, therefore, required to support a superstructure not to isolate it from the
substructure against a small earthquake and the normal loads, but to isolate it from the substructure only against a
strong earthquake, which rarely occurs [4]. To realize this isolation procedure, it can be considered to be simple
and economical to improve the function of a side block set close to a rubber bearing. The side block is already set
near the bridge bearing functioning as a joint protector, which restricts the move of the superstructure in the per-
pendicular direction of the bridge axis. A slit type side block, which breaks surely at an intended strength, is pro-
posed and the shape of it is a steel rectangular column with a deep horizontal slit around the root.
Proposed in this paper is the detail of the slit type side block [5] for bridge bearings that can control the breaking
load. Characteristics of the proposed side block are investigated experimentally by using full-scale specimens and
downscaled ones and are also verified analytically. Design formulae for the side block considering friction at the slit
are also proposed. To reduce or to adjust the friction force, it can be effective to fill slit with filler plate, Le. a friction
reductive material like PTFE plate.
2. SLIT TYPE SIDE BLOCK
2.1 Structural details olslit type side block
It is allowed for a bridge superstructure to shift in the longitudinal direction of the bridge. Side blocks, which usu-
ally attached to the base-plate beside the isolating device such as laminated rubber bearings, restrict the shift of the
bridge superstructure in the perpendicular direction of the bridge axis. Therefore, the side block usually used is made
of a steel column and designed so as not to break by the horizontal load from the bridge superstructure.
On the other hand, the proposed side block consisting of a column made of a steel column with a deep horizon-
tal slit around the root and a base plate is as shown in Figure 1. The slit is equipped in the lower part of the side
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block subjected to the compression force and is fabricated by using a cutting machine. The gap of the slit, there-
fore, becomes about 3 mm even in the smallest case. The filler plate is inserted into the slit to make the gap of the
slit small and to reduce the friction force working at sliding part of the slit.
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Figure 1. Slit type side block
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Figure 2. Breaking procedure of the slit type side block
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Figure 3. Symbols on design formulae
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2.2 Characteristics ofbreaking action
Figure 2 illustrates the breaking procedure of the slit type side block. When the top plate on the laminated rubber
bearing shifts small, the side block deforms elastically and restrict the movement of the superstructure through the
bridge bearing. If the top plate shifts large, the side block breaks at the slit when shear stress in the connected part of
the side block predominates and reaches to the shear yield condition.
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Ano!her merit o~ ~e sli~ type si~e block is the slit type side block may break at smaller displacement than the
ones wIthout any sltt In whIch bendIng normal stress predominates.
2.3 Materialfor slit type side block
The roll~d steel for welded structures (JIS G31 06) is recommendable as a material for the slit type side block
because of Its s~ble strengt? and cheaper ~ost. As ~oth the lowest and the highest values in the tensile strength of
the rolled stee.lls regulated 10 JIS G31 06, I.e. the differential ratio of the upper limit and lower one is 1.23 to 1.28,
a stable breakIng strength ofthe slit type side block will be obtained.
2.4 Designformulae
. Equations. (I) and (2) indic~te ~e design formulae of the slit type side block considering the equilibrium condi-
tIon of workIng stress shown In FIgure 3(c) on condition that the connected part breaks due to the shear stress. It is
assumed that the magnitude of the compressive stress in the contacted part of the slit is the same as that of the ten-
sile stress in the connected part.
N·h
o =0 = 2 <0 (I)
c t (A-C).B.C - Y
't= H·(A-C-Il· h2) ='t =~ (2)
(A -C)· B·C U J3
where
0c = compressive stress at the contacted part,
o t =tensile stress at the connected part,
t =shear stress at the connected part,
Jl =friction factor at the contacted part,
t u = shear strength of steel,
0u = tensile strength of steel,
0y = yield stress of steel,
H = horizontal load acting at the top of the column,
A = depth of the column,
B = width of the column,
C = depth of the connected part,
h2 =height of the column from the center of the slit to the loading point.
3. STATIC BREACKING TEST
3.1 Full scale experiment
Static breaking behavior of the proposed side block us to the collapse is investigated through a static breaking
test by using 2 full-scale specimens. A testing machine with the capacity of 10 MN for vertical load and 3 MN for
horizontal load is used in the test. The horizontal load is applied to the specimens by displacement controlled by a
computer as shown in Figure 4. Loading speed is controlled to be slow enough to regard as the static loading.
These full-scale specimens are to be a standard size side block used in actual viaducts on urban highways. The
gap of the slit is 3 mm and each slit ratio (slit length / column depth) is 85 % for the specimen A and 75 % for the
specimen B. The filler plate made of steel (plate thickness is 2.3 mm) is inserted into the slit and spot-welded
around the slit to fix the position of the filler plate. Sizes of specimens are shown in Figure 5, and material proper-
ties of the steel are listed in Table I.
3.2 Model for downscaled experiment
The effect of the friction force on the compressive area in the contacted part of the slit upon the behavior of the
side block is investigated by using the downscaled specimens. A universal testing machine with the loading ca-
pacity of I MN is used for the downscaled experiment. Three simple bearing specimens are used in the test and a
concentrated load is subjected on the center of the specimens.
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Figure 4. Side view of breaking test
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Figure 5. Specimen for full-scale experiment (unit: mm)
Table 1. Mechanical properties of steel (SM490A)
Properties
Tested value
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Figure 6. Specimen for down-scaled experiment (unit: mm)
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Figure 7. Load-displacement relationships ofexperiments
The downscaled specimens are scaled down by 40 % from the full-scale specimens. Shape and sizes of the
downscaled specimens are shown in Figure 6. 3 types of the downscaled specimens with the slit ratio 85 % and
the gap of the slit 3 mm are prepared. The downscaled specimens are also made of the same steel used in the full-
scale ones and 2.3 mm of the filler plates made of steel, PTFE (poly tetra fluoro ethylene), and poly-amide are in-
I serted into the slit of each specimen.
3.3 Results ofstatic breaking test
Load-displacement relationships of the slit type side block specimens are shown in Figure 7. The specimen A
breaks at relatively small displacement after yielding in spite of using ductile material, Le. steel. The specimen B
breaks plastically at larger displacement than the specimen A in the full-scale experiment. Especially in case of
the specimen B with the slit ratio 75 %, the base plate of the steel side block deforms plastically and shows a re-
sidual deformation by about 5 mm after the test, as shown in Figure 8. So the maximum displacement of the speci-
men B includes the defonnation of the base plate. It can be obtained from test results of the full-scale experiment
that the larger the slit ratio is set, the smaller the breaking load is obtained.
•
(a) Specimen A (b) Specimen B.
Figure 8. Deformation ofbase parts of specimens after breaking
Table 2. Specimens and test results
Specimen Slit Material Friction Broken load P
ratio of filler factor Calculated (Shear, Friction) Measured error
% kN kN kN kN %
Full A 85 Steel 0.25 835 (656 , 179 ) 867 3.8
B 75 Steel 0.25 1581 (1202, 379 ) 1720 8.8
Down C 85 Steel 0.25 147 (107 , 40 ) 150 1.8
D 85 PTFE 0.07[6] 116 (107 , 9 ) 118 1.6
E 85 Poly-amide 0.10 120 (107 , 13 ) 123 2.6
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Figure 9. Analytical model (unit: mm)
The specimens B, C and D with the different kinds of filler plates in the downscaled experiment break at the
different load depending on the friction factor of each filler plate. As listed in Table 2, the breaking loads can be
estimated with a small error by the calculated load defined by Equations (1) and (2).
The filler plates in the specimens C and D deform by compression and shear. Making the gap of the slit small
and/or hardening the filler plate is needed to evaluate the effects of the friction force accurately, and the friction
force in the contacted part of the slit is necessary to be considered in the design formulae for the slit type side
block.
4. CONCLUDIONS
In this study, the slit type side block, which can control the breaking load intentionally, is proposed. The slit of
3 mm in the vertical direction is installed to the lower part of the steel column in the side block and the filler plate
is inserted into the slit to narrow the space of the slit and to decrease the friction. The depth of the slit is indicated
as the slit ratio; the slit length divided by the column width. The load-displacement relationships of the slit type
side block are examined by the static breaking test. These results can be concluded as follows:
- The steel side block with the deeper slit in the column breaks at smaller displacement than the steel side block
with shallow slit or without any slit in the column.
- The breaking load in the static breaking test is well fitted to the calculated load by the proposed design formu-
lae considering the friction at the slit. The breaking load varies by the friction depending on the material of the
filler plate in the slit.
- Stress and strain of the slit type side block are concentrated on the connected part enough to make the rupture
characteristics of the side block fragile.
Stability of rupture characteristics of the slit type side block has to be verified based upon more experimental
test results. In the analysis, it is needed to improve an analytical approach, which can consider the breaking of the
steel. Further investigations are necessary to use the slit type side block as the improved joint protector of an ac-
tual bridge.
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